In total, 122 patients (61.3%) had their treatment either determined or altered based on the results of the microbiological diagnosis; in 87 of these solely on the basis of direct microscopic examination. Conclusions-Infection by filamentous fungi accounted for more than half of the ulcers from which cultures were obtained. Both training in technique and experience in interpretation are necessary for microscopy based diagnosis by staff in the clinic to be of greatest value. Direct microscopy was particularly useful for detecting fungi.
Suppurative keratitis (suppurative corneal ulceration) is a serious problem in most tropical countries.1 In population based surveys in Africa, corneal opacification has usually been the second cause of blindness after unoperated cataract. Many of these cases represent the long term sequelae of trachoma, but often suppurative infection is superimposed on damage due to trachoma. A proportion of cases recorded as phthisis are the result of the perforation of infected ulcers, and others of the infection of injuries. Filamentous fungi are responsible for a larger proportion of these corneal infections in tropical latitudes than in temperate climates. In south Florida fungi account for 35% of the isolates in microbial keratitis.2 In Bangladesh the proportion is between 36% and 40%,3 4 in southern India 30% are fungi,5 and in Nepal 17%. 6 In temperate climates such as Britain7 and northern United States,8 the proportion of fungi causing suppurative keratitis is very small. Similarly, at the high altitude of Johannesburg, South Africa, between 2 1% and 2-3%9 10 were caused by fungi, representing very few individual cases. There is a report of 21 cases of mycotic keratitis from Nigeria in 1976,"1 but very little information is otherwise available from sub-Saharan Africa.
Usually no appropriate antibiotics or ophthalmic antifungal agents are available, especially for treating an ulcer at a district level. Yet, paradoxically, ophthalmic corticosteroid preparations are freely available in some countries. An additional factor is that many people go to the traditional healer first, resulting in further delay and sometimes damage to the cornea.
A useful development has been the demonstration by Williams and associates that a simple microbiological laboratory could be established in Bangladesh and make a substantial difference to accuracy of management of corneal suppuration.12 Of 58 cases which were culture positive the results could have been anticipated in 47 on the basis of Gram stain alone.
In Ghana blinding suppurative keratitis is a major problem. At the same time approximately 120 nurses have now completed a 1 year training for an ophthalmic nursing diploma, offering potential for greatly improved primary and secondary care. These graduates are working throughout the country in an extended role, often providing the only secondary eye care in district hospitals. It is, therefore, important that they are assisted to have a logical approach to these ulcers and to be provided with some essential medication for prophylaxis and treatment.
The primary purpose of this investigation has, therefore, been to determine the actual organisms causing suppurative corneal ulceration, and the proportion of cases caused by fungi, in southern Ghana. The second objective was to find out for how many cases a correct decision regarding treatment could be made in the eye clinic on the basis of Gram stain alone.
The long term aim is to develop and test appropriate and practical methods of prophylaxis and management for suppurative corneal ulceration at a community level, using paramedical and primary health care workers and a simple protocol with a limited choice of medications. (Table 3) shows Gran Gram negative bacteria were cultured, 13 were correctly identified by microscopy in the ophthalmic clinic (sensitivity=45%), and of the 64 patients from whom fungi were cultured, 34 were correctly identified by microscopy (sensitivity=53%). Out of the 165 patients for whom no Gram positive bacteria were cultured, 40 were identified as having Gram positive bacteria by direct microscopy at the ophthalmic clinic (specificity=76%). Similarly, of the 170 patients for whom no Gram negative bacteria were cultured, 28 were identified by microscopy as having Gram negative bacteria (specificity= 84%), and of the 135 patients for whom fungi were not cultured, 17 were identified by microscopy as having fungal hyphae by microscopy (specificity=87%).
Methods

SUBJECTS
To further explore the sensitivity and specificity of microscopy based diagnosis by ophthalmic clinic staff, the Gram stained smears were sent to Worthing, UK and examined by an experienced medical microbiologist. This was undertaken to differentiate the usefulness of microscopy under optimum conditions compared with that at the busy ophthalmic clinic in Accra. The sensitivity of microscopy based diagnosis improved when undertaken by the microbiologist (right hand side of Table 4 ). For fungi and Gram negative bacteria, microscopy was able to identify correctly 80% and 76% of culture positive cases, respectively. The specificity and false positive rate for microscopy based diagnosis also improved when undertaken by a microbiologist. This seemed to reflect the microbiologist's ability to differentiate between particulate matter and pathogens and between Gram positive and Gram negative bacteria, and the longer time available for the microbiologist to examine the slide.
IMPACT OF MICROBIOLOGICAL DIAGNOSIS ON TREATMENT
Twenty (10.1%) patients had their treatment fungal hyphae were correctly diagnosed by ophthalmic clinic staff using direct microscopy. The corresponding sensitivity of direct microscopy was 91%, 65%, and 88% respectively for Gram positive organisms, Gram negative organisms, and fungi.
Conclusion
Before this study started, it had been estimated that fungi comprised approximately 10% of cases of suppurative corneal ulcer in Accra. In fact, they constituted either alone or in combination, over half (56%) of those from whom a culture result was obtained -as high a proportion as has been recorded anywhere so far. From the published reports, it is apparent that there is a gradual increase in the proportion of suppurative keratitis due to fungus as one goes from higher latitudes in the northen hemisphere towards the equator. There is also a general tendency for a greater number of fungal species to be isolated and identified in tropical latitudes, although some published studies are much more comprehensive than others. Accra is not only at 5.50 latitude north and hot, but also in general has very humid conditions which may be expected to encourage the growth of filamentous fungi in the environment. Fusarium was the commonest genus of fungus identified in Ghana. In this respect, Ghana resembles the United States rather than India, Nepal, or Bangladesh, where Aspergillus has so far been the commonest genus reported. This is further evidence for geographical variation in the distribution of fungi pathogenic for the eye, which in turn influences the choice of treatment. It is also interesting that the The next stages of this programme will be to determine the sensitivity of the fungal isolates to simple antifungal substances which could potentially be made available at a reasonable price in isolated situations in tropical countries; to decide the optimum antibacterial and antifungal agents for the organisms isolated; and to establish trials of the simple agents with optimum regimes for prophylaxis after injury and of early treatment.
